Amphioxus Bblhx3 was identified as a LIM-homeobox gene expressed in gastrulae. Structural analysis suggested that it is a member of lhx3 but not of lhx1 gene group. Whole mount in situ hybridization revealed that expression of Bblhx3 was initiated at the early gastrula stage and continued at least until 10-day larvae. Expression of Bblhx3 first appeared in the vegetal and future dorsal area in initial gastrulae and became restricted to the endoderm during gastrulation. In neurulae and early larvae, Bblhx3 was expressed in the developing neural tube, the notochord and preoral pit lineage. In 10-day larvae, Bblhx3 was expressed only in the preoral pit. This expression pattern is apparently distinct from that of vertebrate lhx3 genes that are not expressed during gastrulation. q
Results and discussion
LIM-homeodomain (LIM-HD) proteins encoded by a subfamily of homeobox genes are characterized by two tandemly repeated LIM domains located upstream of the homeodomain. Among LIM-homeobox genes, lhx1 (lim1) and lhx3 (lim3) belong to distinct groups (Dawid et al., 1995; Hobert and Westphal, 2000) . In vertebrate embryos, lhx1 is considered to play a key role in dorso-anterior development during gastrulation (Kodjabachian et al., 2001 ), while lhx3 is expressed after but not during gastrulation in special subsets of neuronal cells of the central nervous system and pituitary gland cells (Dawid et al., 1995) . To identify an amphioxus LIM-homeobox gene expressed during gastrulation, we screened an amphixous gastrula cDNA library, which yielded a single LIM-homeobox gene (Fig. 1A ). Sequence comparison (Fig. 1B ) and phylogenetic analysis (Fig. 1C) clearly showed that the gene isolated is a member of lhx3 but not of lhx1 gene group and thereby designated Bblhx3. Southern blot analysis indicated that there is one single copy of Bblhx3 in the amphioxus genome (Fig. 1D) . So far, an amphioxus lhx1 homologue has not been successfully isolated from the same cDNA library.
Developmental expression of Bblhx3 was examined by whole mount in situ hybridization using embryos of the 2-cell stage to 10-day larvae. The signal was detected from the early gastrula stage onward as described subsequently.
Expression of Bblhx3 during gastrulation
The first expression was detected at the beginning of gastrulation in a broad area on the vegetal side, including the prospective dorsal margin of the blastopore ( Fig. 2A) . In mid-gastrulae, signals disappeared in the dorsal outer layer and became restricted to the inner layer except for the ventral side close to the blastopore lip (Fig. 2B, C) . As gastrulation proceeded further, signals were detected in the dorsal, anterior and anteroventral regions of the archenteron (Fig.  2D, E) . In late gastrulae, the expression became weaker (Fig.  2F ) and at the end of gastrulation, signals were detected only at the ventral archenteron (Fig. 2G ).
Expression of Bblhx3 during neurulation
At the onset of neurulation, the initial expression of the neural lineage was detected as a single spot at the anterior tip of the neural plate (Fig. 2H, I ). The signal in the ventral endoderm became stronger (Fig. 2H) . At the early neurula stage, two signal spots were added posterior to the first one and in addition, three pairs of signal spots were seen at the (Saitou and Nei, 1987) with CLUSTAL_X software (Thompson et al., 1997) . Values adjacent to the nodes represent the score from 1000 bootstrap re-samplings of the data. BbLHX3 was located in the group of LHX3 but not of LHX1. The scale bar indicates the number of substitutions per amino acid position. (D) Southern blot analysis of pooled ten adult lancelet genomic DNA. Each lane contains 5 mg DNA digested with a restriction enzyme indicated at the top. Hybridization was carried out under reduced stringency conditions using the first 155 base pairs of the Bblhx3 homeobox as a probe. lDNA digested with EcoRI and HindIII was used as a size marker. Fig. 2 . Developmental expression of Bblhx3 as detected by whole mount in situ hybridization. Staging of embryos was according to Kajita (1991, 1994) . middle part of the neural fold (Fig. 2J , K, J1, J2). In midneurulae, four pairs of signal spots were detected at the middle part of the neural fold (Fig. 2L, M) , meanwhile, a weak signal spot was detected at the putative left anterior gut diverticulum which outgrows from the archenteron at this stage (Fig. 2L, M) . In late neurulae, neural expression was found in the ventral part of the neural tube in the anterior half of the embryo (Fig. 2N, N2) and at the middle part expression was observed on lateral walls of the neural tube (Fig. 2N,  N3 ). At the late neurula stage, expression of Bblhx3 started in the notochord, in which signals were detected throughout except for the posterior end (Fig. 2N, N1-N4 ). The expression in the left anterior gut diverticulum became stronger in late neurulae (Fig. 2O, N1 ).
In accordance with elongation of the anterior-posterior axis, the position of expression in the ventral endoderm shifted posteriorly during neurulation (Fig. 2J , L, J3, N 0 ).
Expression of Bblhx3 in larvae
The expression in the neural tube was observed in knifeshaped, L1 stage and L2 stage larvae (Fig. 2P , R, for L2 stage larvae, data not shown) but not in 2-or 10-day larvae (Fig. 2T , for 2-day larvae, data not shown). In the notochord, only the expression adjacent to the posterior end continued in knife-shaped larvae (Fig. 2P ) and retained in L2 stage larvae (data not shown). The expression in ventral endoderm was detectable until initial larva stage (Fig. 2P) . The expression in the left anterior gut diverticulum became stronger in knife-shaped and L1 stage larvae (Fig. 2Q, S) . In L2 stage, the left anterior gut diverticulum developed to form the preoral pit, from which the wheel organ and Hatschek's pit develop (Hatschek, 1893; Conklin, 1932 ). Hatschek's pit is regarded homologous to the vertebrate adenohypophysis (Chang et al., 1982; Nozaki and Gorbman, 1992) . In L2 stage larvae, expression was in the preoral pit except for its ectodermal invagination region (Fig. 2V) . In 2-and 10-day larvae, the signal was detected only in the preoral pit (Fig. 2T , U, for 2-day larvae, data not shown).
The expression pattern of Bblhx3 is distinct from that of vertebrate counterparts in that it is expressed in the dorsal margin of the blastopore and in dorsal and anterior region of the invaginating inner layer during gastrulation, which is rather reminiscent of vertebrate lhx1. Similar situation has been noted with Hrlim and Cs-lhx3, which are ascidian LIM-homeobox genes structurally related to lhx3 but are expressed during gastrulation (Wada et al., 1995; Satou et al., 2001 ).
Materials and methods
A cDNA library in Uni-ZAP XR vector (Stratagene, CA) was constructed from early gastrulae of a Chinese amphioxus, Branchiostoma belcheri tsingtauense. Polymerase chain reaction (PCR) was performed using degenerate primers 5 0 -CCG GAT CCM GRG GAC CWM GRA CNA CNA T-3 0 and 5 0 -CTG AAT TCT YCK YCK RTT YTG RAA CCA NA-3 0 directed for conserved regions of LIM-HD, RGPRTTI and (I/V)WFQNRR, respectively, and genomic DNA as template. PCR fragments were cloned into the pBluescript II KS vector and the fragments identified as a LIM-homeobox were subsequently used for screening of the cDNA library. Genomic Southern analysis, whole mount in situ hybridization and plastic sectioning were performed as described previously (Yasui et al., 2000) .
